A recent small study suggested that the risk of a Fontan procedure is higher in patients with a double inlet ventricle and an increase in pulmonary blood flow than in those with classical tricuspid atresia and hypoperfusion because pulmonary vascular smooth muscle can be increased in such patients even when the pulmonary artery has been banded and the criteria for a Fontan operation have been largely fulfilled.6 These observations suggest that it is crucial to band the pulmonary artery at an age when there is the greatest likelihood of achieving a normal pulmonary vascular bed subsequently. We have therefore studied the pulmonary vascular changes in lung biopsy specimens from 20 patients with a double inlet ventricle, usually before the pulmonary artery was banded. Eleven patients had two patent atrioventricular valves, three atresia of the right valve, and six hypoplasia of the left atrioventricular valve.
It is recommended that the pulmonary artery be banded as early as possible, and rebanded early if a satisfactory result is not obtained, particularly in patients destined for a Fontan-Kreutzer procedure. Early atrial septectomy should reduce the arterial and venous abnormalities seen in 'left atrioventricular valve hypoplasia.
The development of pulmonary vascular disease in patients with double inlet ventricle and an excessive pulmonary blood flow is thought to be similar to that seen in patients with a large isolated ventricular septal defect. Pulmonary vascular resistance is high after birth, reaches a nadir at six months, and is high in older children.' Banding of the pulmonary artery is recommended to prevent the development of pulmonary vascular obstructive disease and to allow regression of any arterial medial hypertrophy that is already present. Recent advances in surgical technique, however, demand a more precise understanding of the development of pulmonary vascular disease in this condition. A double inlet ventricle may be repaired by septation of the main chamber or by connecting the right atrium to the pulmonary artery with, if necessary, closure of the right atrioventricular valve, the Fontan-Kreutzer procedure.23 The risk of septation is increased when pulmonary vascular resistance is raised, although the severity of pulmonary vascular disease that characterises the increase in mortality is not known.4 There are two reports of mortality being significantly higher after a Fontan-Kreutzer proceRequests for reprints to Dr S G Haworth, Thoracic Unit, The Hospital for Sick Children, Great Ormond Street, London WCIN 3JH.
Accepted for publicaton 3 January 1985 dure in patients with a "single ventricle" than in those with classical tricuspid atresia, without there being an obvious explanation.4 5 A recent small study suggested that the risk of a Fontan procedure is higher in patients with a double inlet ventricle and an increase in pulmonary blood flow than in those with classical tricuspid atresia and hypoperfusion because pulmonary vascular smooth muscle can be increased in such patients even when the pulmonary artery has been banded and the criteria for a Fontan operation have been largely fulfilled.6 These observations suggest that it is crucial to band the pulmonary artery at an age when there is the greatest likelihood of achieving a normal pulmonary vascular bed subsequently. We have therefore studied the pulmonary vascular changes in lung biopsy specimens from 20 patients with a double inlet ventricle, usually before the pulmonary artery was banded. Eleven patients had two patent atrioventricular valves, three atresia of the right valve, and six hypoplasia of the left atrioventricular valve.
Patients and methods
The 20 patients were aged between 2 months and 14-5 years. Nine were boys and 11 girls. CHB, complete heart block; PAB,pulmonary artery band; PAP, pulmonary arterial pressure; PDA, persistent ductus arteriosus; PS, pulmonary stenosis; Qp:Qs, pulmonary to systemic blood flow ratio; Rpa, pulmonary arteriolar resistance; Rp:Rs, pulmonary to systemic resistance ratio; SAP, systemic artery pressure; TGA, transposition of great arteries.
patients were on or below the twenty fifth centile for weight, 45% being below the third centile. All the patients were or had been in cardiac failure. The chest radiograph showed cardiac enlargement and an increase in pulmonary vascular markings in all patients except one (case 6), who had mild pulmonary stenosis. Nineteen patients had pulmonary hypertension (Table 1 ). The pulmonary arteriolar resistance was 1-8-5-4 units m2 in seven patients and at least 9 units m2 in seven, three with and four without left atrioventricular valve hypoplasia. In 18 patients the lung was biopsied at thoracotomy for banding the pulmonary artery or electively in unbanded patients to help decide the management of the case, or in one patient (case 20) at the time of insertion of a pacemaker and a Blalock-Hanlon operation. In one other patient (case 16) lung tissue was obtained when the patient died immediately after atrial septectomy. Only in one patient (case 17) had the pulmonary artery been banded before the lung was biopsied. The time interval between cardiac catheterisation and biopsy was short, less than one month in 17 cases and four months in two cases. To date 14 patients are alive and well without corrective surgery, the pulmonary artery having been banded in all except one (case 20). Two children died immediately after the pulmonary artery was banded, one (case 16) after atrial septectomy and three immediately after a Fontan proce- Six patients in whom the lung was biopsied and the pulmonary artery banded underwent cardiac catheterisation two months to three years later, and all showed a reduction in pulmonary arterial pressure ( 
Results
All 20 patients showed a significant increase in mean percentage arterial medial thickness ( Figure) (p<0.000l). In the 11 patients (cases 1-11) with two atrioventricular valves mean percentage arterial medial thickness was greatest in the seven without either pulmonary stenosis or atrophy of the pulmonary arterial walls. Doubk inkt venirick 517 518 with atresia of the right atrioventricular valve tended to show a less pronounced increase in muscularity than the 11 patients without. In the six patients (cases 15-20) with left atrioventricular valve hypoplasia muscularity was similar to that seen in cases 1-11 except for the banded case (case 17) in which muscularity was relatively low. In each of the 20 patients the proportion of entirely muscularised arteries at each level was greater than expected for the age of the child, indicating that muscle had differentiated in more peripheral arteries than normal.
Circumferential intimal proliferation tended to occur in the older patients aged >1-9 years and was found in the preacinar or the intra-acinar arteries or both of cases 8-11, 14, 18, and 20 . The most severe intimal changes were present in case 8, and in this case and in cases 11 and 18 the media of alveolar duct and alveolar wall arteries was atrophied distal to thick walled arterial segments containing intimal proliferation. Mild intimal proliferation was also present in the alveolar duct arteries of three younger patients (cases 3, 4, and 6).
In 14 of the 20 cases the preacinar veins were abnormally thick walled, and the small veins had developed an external elastic lamina and were "arterialised." The veins in five patients (cases 9, 10, and 18-20) showed intimal fibrosis. The lungs of the three oldest patients with left atrioventricular valve hypoplasia (cases 18-20) had the greatest increase in vein wall thickness and intimal fibrosis.
The mean external diameter of arteries accompanying respiratory bronchiolar and alveolar duct arteries was normal in five cases, significantly increased at one or both of those positions in 12 (p<0.01), and reduced in three (cases 18-20), the reduction being statistically significant in alveolar duct arteries (p<0.001). The mean alveolar to arterial ratio was normal for age in 14 of the 18 patients in whom it could be determined accurately. In the four abnormal cases (cases 8, 10, 17, and 18) the mean ratio was 12*4-13-8 above the normal mean level for age (8-4-10-9 ) but within 1 standard deviation of the normal mean value, suggesting that in no case was there a significant reduction in the number of arteries per unit area of lung tissue.
Discussion
In these 20 patients with double inlet ventricle there was a striking increase in pulmonary vascular smooth muscle that was rather less in those with atresia of the right atrioventricular valve than in those with two patent valves or left atrioventricular valve hypoplasia.
The intra-acinar arteries were normal or even increased in size for age, and the number of intraacinar arteries per unit area of lung was within normal limits. Only three of the 20 patients showed Juaneda, Haworth significant obstructive pulmonary vascular disease, all were at least 19 years old and one had an obstructed left atrioventricular valve. Severe medial hypertrophy with little if any intimal proliferation was seen in patients <1 year of age. Excluding cases with right atrioventricular valve atresia, the increase in muscularity in patients with double inlet ventricle and an increased pulmonary blood flow was greater than is usually seen in ventricular septal defect during the first year of life, although like patients with a ventricular septal defect intimal proliferation was uncommon at this age.
Six patients whose lung biopsy specimens showed severe pulmonary arterial medial hypertrophy were recatheterised after banding the pulmonary artery, and it was reassuring to find that all had a reduction in pulmonary arterial pressure. Two of these six cases, however, had had to be rebanded in order to obtain a mean pulmonary to systemic arterial pressure ratio of -0 5. In addition, at recatheterisation at least four cases had a mean pulmonary arterial pressure and arteriolar resistance that exceeded or barely fulfilled the Fontan criteria. Given the pronounced increase in pulmonary vascular smooth muscle seen in the infant cases it is perhaps surprising that it may be difficult to band the pulmonary artery satisfactorily on the first occasion. The age at which the pulmonary artery is first banded might be important in this respect. If pulmonary vascular smooth muscle could be shown to regress significantly after birth before showing a secondary increase in response to the high arterial pressure and flow then there might be an optimal age at which the pulmonary artery should be banded. In this series, however, the muscularity was high in four patients with double inlet ventricle without atresia or hypoplasia of either atrioventricular valve (aged 5-8 months) and was similar to that seen in the older patients. This suggests that there is no ideal age at which to band the pulmonary artery, rather it should be banded as soon as possible. The risk of pulmonary artery banding is now low.49 Stefanelli et al banded 11 patients with no hospital deaths and a 10 year actuarial survival of 74%.4 Banded patients with ventriculoarterial discordance can develop subaortic obstruction,10 but the only alternative to banding the pulmonary artery appears to be an intracardiac repair in infancy.
The present study demonstrates the difficulty of predicting pulmonary vascular structure and "operability" from the haemodynamic data. Two patients in the preserit study who had been banded died after a Fontan procedure with a mean pulmonary arterial pressure immediately before operation s20 mm Hg. Three patients previously reported died with a preoperative mean pulmonary arterial pressure of 14-25 mm Hg, and at necropsy all three cases showed a significant increase in muscularity.6 It seems prob-References able that a low pulmonary arterial pressure in these banded patients does not necessarily imply a structur- 
